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The common respiratory viruses, including influenza A, influenza B, and newly emerging severe acute 
respiratory syndrome (SARS) viruses, may cause similar clinical symptoms. Therefore, differential diagnosis 
of these virus pathogens is frequently required for single clinical samples. In addition, there is an urgent need 
for noninfectious and stable RNA standards and controls for multivirus detection. In this study, reverse 
transcription-PCR (RT-PCR) targeting of the RNAs of influenza A and influenza B viruses and SARS 
coronavirus was performed, and the resulting products were spliced into a fragment which was packaged into 
armored RNA for use as a noninfectious, quantifiable synthetic substitute. Furthermore, in the present study 
we developed a multiplex real-time RT-PCR assay in which the armored RNA was used as an external positive 
control and the three RNA viruses could be detected simultaneously in a single reaction mix. The detection 
limit of the multiplex real-time PCR was 10 copies/pi of armored RNA. 


Respiratory infections are causes of upper and lower respi¬ 
ratory tract diseases, mainly causing croup, bronchiolitis, and 
pneumonia (11). Influenza virus infection is a highly conta¬ 
gious respiratory disease that can spread easily by droplets or 
nasal secretions and is responsible for considerable morbidity 
and mortality each year (18). Due to virus evolution and mi¬ 
gration, the transmission of respiratory viruses between ani¬ 
mals and humans has been a very severe matter. In particular, 
the highly pathogenic influenza virus and the severe acute 
respiratory syndrome coronavirus (SARS-CoV) have posed 
critical threats to public health. SARS-CoV infection is a trans¬ 
missible, febrile, and newly emerging respiratory disease. Re¬ 
verse transcription-PCR (RT-PCR) has been found to be sen¬ 
sitive, specific, and rapid for detection of influenza and SARS 
viruses (8, 18). External positive controls (EPC) are important 
components of nucleic acid-based assays. The lack of safe and 
stable EPC could become a serious problem in cases of SARS 
and influenza, where cross-infection could sometimes happen 
during sample exchange between laboratories (4). 

Armored RNA (AR) is an engineered MS2 phage assembly 
that encapsulates an RNA fragment of a target gene after 
expression in Escherichia coli. AR is a noninfectious RNA virus 
surrogate and can be designed for use as a calibration standard 
or external control for RT-PCR or real-time RT-PCR. AR is 
resistant to RNase digestion and shows high stability in plasma, 
nasopharyngeal secretions, feces, and water (3, 9, 12, 15, 19). 
Due to the extreme lability of RNA, AR controls have been 
used widely (1, 3-7, 9, 12, 14, 16, 19). At present, a >1,200- 
nucleotide (nt) heterologous RNA can be accommodated and 
modified into AR (14). 
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Most current AR package the RNA of a single respiratory 
virus (4, 5, 14). Since the common respiratory viruses may 
cause similar clinical signs and symptoms, differential diagnosis 
of pathogens is therefore required. To reduce costs and sim¬ 
plify multivirus detection procedures, AR derived from three 
respiratory viruses, namely, influenza A virus, influenza B vi¬ 
rus, and SARS-CoV, were designed, and the resulting single 
AR species might be used as a positive control for detecting 
the viruses. Furthermore, we developed a multiplex real-time 
RT-PCR assay in which the AR was used as an EPC and the 
three RNA viruses could be detected in a single reaction tube 
simultaneously. 

MATERIALS AND METHODS 

Primers and probes. Primers and probes were designed to amplify highly con¬ 
served regions of the matrix protein (M) gene of influenza A virus (Am fragment) 
and the M gene of influenza B virus (Bm fragment). Primers and probes were 
optimized with Beacon Designer, version 2.0. The primers and probe for SARS-CoV 
were synthesized to amplify open reading frame (ORF) lb of the RNA polymerase 
gene, as previously described (8). The primers and probes are showed in Table 1. 
The reporter dye FAM (5'-6-carboxyfluorescein), HEX (5'-6-carboxy-2',4,4',5',7,7'- 
hexachlorofluorescein), or ROX (6-carboxyrhodamine) was conjugated at the 5' end 
of each probe, and the quencher dye 6-carboxytetramethylrhodamine (TAMRA) 
was conjugated at the 3' end. The primers used for splicing by overlap extension 
(SOE) by PCR and the other primers used in this study are also listed in Table 1. 

RNAs of influenza A and B viruses and SARS-CoV. An influenza A3 virus 
strain (A/Hangzhou/189/2005) (H3N2) and an influenza B virus strain (B/Hang- 
zhou/42/2005) stored in our laboratory were used to extract RNAs for construc¬ 
tion of AR. The RNA of SARS-CoV stored in our laboratory was collected from 
an oral swab specimen from a SARS patient during the 2003 SARS outbreak. 
RNAs were extracted with a QIAamp viral RNA extraction kit (Qiagen, Inc., 
Germany) according to the manufacturer’s instructions. 

Synthesis of Am-Bm-BNI 1 fragment by SOE-PCR. For synthesis of the Am- 
Bm-BNI 1 fragment by SOE-PCR (13), a 401-bp nucleic acid sequence was 
designed to include PCR targets for three respiratory viruses (Fig. 1). 

Naked SARS-CoV RNA was used as a template, and RT-PCR was performed 
using the primers BN IoutS2 and BN lout AS. Seminested PCR was then per¬ 
formed using the primers BN IoutS2/BN IinAS and BN IinS/BN IoutAS, respec¬ 
tively. The lengths of the products were 157 bp and 142 bp, respectively. The two 
fragments were purified by gel electrophoresis and were spliced using SOE-PCR, 
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TABLE 1. Nucleic acid sequences of primers and probes 


Primer or probe 

Sequence (5'—>3') 

Target fragment" 

Note on underlined sequence 

MS2F 

ATGGATCCTCCTGCTCAACTTCCTGTCG 

MS2gl, MS2g2, and 
pac site 

BamHI restriction site 

MS2R 

GCAAGCTTTCTTCGACATGGGTAATCCT 

MS2gl, MS2g2, and 
pac site 

Hindlll restriction site 

BN IoutS2-SOE 

AAGGCAAAGCAGATGAATTACCAAGTCAATGGTTAC 

BNI 1 

Overlap sequence identical to Bm 
fragment 

BN IoutAS-SOE 

GTCAAGCTTCATAACCAGTCGGTACAGCTAC 

BNI 1 

Hindlll restriction site 

AM119F-SOE 

CTCAAGCTTAGGCACTCATGGAATGGCTAAAG 

Am 

Hindlll restriction site 

AM248R-SOE 

TAAGAAAGTGCCGCATTTTGGACAAAGCGTCTAC 

Am 

Overlap sequence complementary 
to Bm fragment 

BM11F-SOE 

TGTCCAAAATGCGGCACTTTCTTAAAATGTCGCT 

Bm 

Overlap sequence identical to 

Am fragment 

BM91R-SOE 

TGGTAATTCATCTGCTTTGCCTTCTCCATCT 

Bm 

Overlap sequence complementary 
with SARS BNI 1 fragment 

BN IoutS2 

ATGAATTACCAAGTCAATGGTTAC 

BNI 1 


BN IoutAS 

CATAACCAGTCGGTACAGCTAC 

BNI 1 


BN IinS 

GAAGCTATTCGTCACGTTCG 

BNI 1 


BN IinAS 

CTGTAGAAAATCCTAGCTGGAG 

BNI 1 


Amll9F 

AGGCWCTCATGGARTGGCTAAAG 6 

Am 


Am248R 

GCATTYTGGACAAAKCGTCTAC 

Am 


pAm221 

HEX-AGTCCTCGCTCACTGGGCACGGT-TAMRA 

Am 


BmllF 

GGCACTTTCTTAAAATGTCGCT 

Bm 


Bm91R 

CTGCTTTGCCTTCTCCATCT 

Bm 


pBm36 

FAM-TGGAGACACAATTGCCTACCTGCTTTCA-TAMRA 

Bm 


SARS1 

TTATCACCCGCGAAGAAGCT 

BNI 1 


SARS2 

CTCTAGTT G CAT G AC AGCCCTC 

BNI 1 


pSARS 

ROX-TCGTGCGTGGATTGGCTTTGATGT-TAMRA 

BNI 1 


FluA(GJ)-F 

GACCRATCCTGTCACCTCTGAC 

Am 


FluA(GJ)-R 

GGGCATTYTGGACAAAKCGTCTACG C 

Am 


FluA(GJ)-Pb 

FAM-TGCAGTCCTCGCTCACTGGGCACG-TAMRA 

Am 



a MS2gl, MS2g2, and pac site, fragment encoding maturase and coat protein and carrying the packaging site of MS2 bacteriophage; BNI 1, fragment encoding open 
reading frame lb of the RNA polymerase gene of SARS-CoV; Am, fragment of the influenza A virus matrix protein gene; Bm, fragment of the influenza B virus matrix 
protein gene. 

b W = A or T and R = A or G. 
c Y = T or C and K = G or T. 


and a 10-ng aliquot of each of the PCR products was used as template DNA in 
a 20-|xl reaction mixture comprised of lx buffer, MgCl 2 (2 mM), deoxynucleo- 
side triphosphates (0.2 mM), and E xTaq DNA polymerase (25 U/ml). The PCR 
profile was as follows: an initial denaturation step at 94°C for 3 min; 10 cycles of 
denaturation at 94°C for 10 s, annealing at 66°C for 10 s, and extension at 72°C 
for 30 s; after spiking of primers BN IoutS2 and BN IoutAS into the reaction 
mixture, 10 cycles of denaturation at 94°C for 10 s, annealing at 66°C for 10 s, and 
extension at 72°C for 30 s, with the annealing temperature reduced 1°C per cycle; 
32 cycles of denaturation at 94°C for 10 s, annealing at 56°C for 10 s, and 


extension at 72°C for 20 s; and 10 cycles of denaturation at 94°C for 10 s and 
extension at 72°C for 20 s. A 190-bp amplicon (BNI 1) was separated by agarose 
gel electrophoresis. 

RT-PCR was then applied to the naked RNAs of an influenza virus H3N2 
strain (A/Hangzhou/189/2005) and an influenza B virus strain (B/Hangzhou/42/ 
2005), using the primers AM119F-SOE/AM248R-SOE and BM11F-SOE/ 
BM91R-SOE, respectively. Both the 130-bp and 81-bp RT-PCR products were 
purified and spliced using SOE-PCR. The reaction conditions were as described 
above. A 211-bp DNA fragment (Am-Bm) was separated by agarose gel elec- 


Amll9 ™ E ^m (130bp) Bm (81bp) 


BNIoutS-SOE 


CoVJ (157bp) CqV2 


(142bp) 


Bm91R-SOE 


SOE 


SOE 


Ami 19F-SOE 


i 


BNIoutAS-SOE 


Am-Bm (21 ibp) 


Hindlll 


BNI 1 (190bp) BNIoutAS-SOE 
| SOE 


Am-Bm-BNI 1 (401bp) 


“T 

Hindlll 


FIG. 1. Synthesis of Am-Bm-BNI 1 fragment by SOE-PCR. The bars in gray are overlap sequences identical with the target fragments. Primers 
used for SOE are showed by arrows. Am, fragment of the influenza A virus matrix protein gene; Bm, fragment of the influenza B virus matrix 
protein gene; CoVl, fragment of SARS-CoV amplified by primers BN IoutS2 and BN IinAS; CoV2, fragment of SARS-CoV amplified by primers 
BN IinS and BN IoutAS; BNI 1, spliced fragment derived from CoVl and CoV2; Am-Bm, spliced fragment derived from Am and Bm; Am-Bm-BNI 
1, spliced fragment derived from Am, Bm, and BNI 1. 
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trophoresis. We then spliced the purified BNI 1 and Am-Bm fragments by 
SOE-PCR. A 401-bp DNA fragment (Am-Bm-BNI 1) was achieved (Fig. 1). 

Preparation of AR. A DNA fragment encoding maturase and coat protein and 
carrying the packaging (pac) site of MS2 bacteriophage was synthesized from 
plasmid pMS27 (BCCM, Ghent, Belgium) by PCR using the primers MS2F and 
MS2R (9), and the exact position of the fragment was at positions 21 to 1770 
(GenBank accession no. NC 001417). The resulting PCR product was cloned into 
the BamHI and Hindlll sites of the expression vector pET30b (Novagen, Inc.). 
The recombinant plasmid was named pAR-1. The Am-Bm-BNI 1 fragment was 
inserted into the Hindlll site downstream of the pac site on pAR-1, which 
formed the new recombinant plasmid pAR-2. The plasmid pAR-2 was then 
transformed into Escheiichia coli strain BL21(DE3). Protein expression was 
induced with 1 mM isopropyl-L-thio-D-galactopyranoside (IPTG) at 37°C for 
16 h. The AR packaging the RNA of the Am-Bm-BNI 1 fragment was named 
AR-2. Cells were collected by centrifugation and lysed by ultrasonic disruption. 
After a brief centrifugation step (12,000 X g for 10 min), the supernatant was 
incubated with excess DNase I and/or RNase A at 37°C overnight. Aliquots of 
the product were checked by 1% agarose gel electrophoresis with ethidium 
bromide staining. 

Purification of AR. AR was purified as an RNA-protein complex which could 
be electroeluted from an agarose gel with a GeBAflex tube (Gene Bio-Applica- 
tion Ltd., Israel). The sonication supernatant containing AR-2 particles was 
incubated at 37°C for 16 h with superfluous RNase A and DNase I (Sabc, 
Luoyang, China), followed by incubation with 10 U DNase (Ambion, Inc., Aus¬ 
tin, TX) for 15 min at 37°C to remove any traces of DNA. After fractionation by 
gel electrophoresis, the slice of gel containing the desired RNA-protein complex 
was transferred to a GeBAflex tube (membrane cutoff, molecular weight of 
12,000 to 14,000). An electric current was run for approximately 20 to 30 min 
until the RNA-protein complex was eluted from the gel slice. After the solution 
containing the purified AR was incubated at 85°C for 5 min, real-time RT-PCR 
and real-time PCR were performed to check the purity. 

The concentration of AR particles was determined using an extinction coef¬ 
ficient of 8 mg/ml of MS2 bacteriophage per absorbance unit at 260 nm and a 
molecular weight of 3.0 X 10 6 (9). 

The stability of the AR was evaluated by spiking AR-2 (~10 4 copies) into 
RNase-rich oral swab fluid (20 (jlI). The oral swab fluid was Hank’s buffer into 
which an oral swab was spiked. Oral swab fluids were stored at 37°C for 24 h and 
48 h, at room temperature (20°C to 23°C) for 48 h and 14 days, and at 4°C for 
14 and 30 days. Freeze-thaw action was applied to the oral swab fluids 3, 6, and 
12 times. At the appointed times, samples were collected and kept at — 30°C. 
Finally, their RNAs were extracted using a viral RNA extraction kit and tested 
using real-time RT-PCR. 

Multiplex real-time RT-PCR detection of Am, Bm, and BNI 1. Viral RNA was 
extracted with a QIAamp viral RNA extraction kit (Qiagen, Inc., Germany), 
whereas AR-2 was released from its phage coat by incubation at 85°C for 5 min 
or by extraction with a viral RNA extraction kit. The reaction conditions of the 
multiplex real-time RT-PCR were optimized in a matrix. The multiplex real-time 
RT-PCR was performed using a real-time RT-PCR kit (Takara, Dalian, China) 
with a 20-(jl1 volume containing IX one-step RT-PCR buffer, E xTaq HS (2U), 
Moloney murine leukemia virus RNase (40 U), RNase inhibitor (16 U), three 
sets of primers (0.4 pmol/liter [each]), and three sets of probes (0.24 (xmol/liter 
[each]). The PCR thermal profile included an initial cDNA step of 15 min at 
42°C, denaturation at 95°C for 2 min, and 45 cycles of 95°C for 5 s and 60°C for 
30 s. Amplification, detection, and data analysis were performed with a Rotor 
Gene real-time detection system (RG-3000). The single primer-probe reaction 
was compared with the multiplex primer-probe reaction to determine any sig¬ 
nificant differences in the cycle threshold ( C T ) values. AR (~10 4 copies) was 
amplified in both single and multiplex reactions (n = 3 replicates). To demon¬ 
strate the detection range of the multiplex real-time RT-PCR, 10-fold serial 
dilutions containing 10 6 to 10° copies/|xl of AR particles were assayed. FAM-, 
HEX-, and ROX-labeled probes were used for the detection of the Bm, Am, and 
BNI 1 fragments, respectively. Fluorescence signals were measured at 60°C. 

Multiplex real-time RT-PCR used for clinical samples. From September 2005 
to January 2007, 290 respiratory samples (throat swabs) were received from the 
Center for Disease Control and Prevention (CDC) in Hangzhou County or 
District. From each sample, an aliquot was stored at — 70°C for multiplex real¬ 
time RT-PCR analysis. The specificity of the multiplex real-time RT-PCR was 
evaluated by detection of influenza A viruses in clinical samples and comparison 
with a commercial Biose-A-qRT-PCR kit (Biose, Hangzhou, China) and single¬ 
reaction real-time RT-PCR, whose primers [FluA(GJ)-F and FluA(GJ)-R] and 
probe [FluA(GJ)-Pb] were recommended by the Chinese CDC. The 80 respira¬ 
tory samples received were detected by both the multiplex real-time RT-PCR 
assay and the commercial Biose-A-qRT-PCR kit. The other 97 respiratory sam- 


1 AGGCACTCAT GGAATGGCTA AAGACAAGAC CAATTCTGTC ACCTCTGACT 
51 AAGGGGATTT TGGGGTTTGT GTTCACGCTC ACCGTGCCCA GTGAGCGAGG 
101 ACTGCAGCGT AGACGCTTTG TCCAAAATGC GGCACTTTCT TAAAATGTCG 
151 CTGTTTGGAG ACACAATTGC CTACCTGCTT TCATTGACAG AAGATGGAGA 

201 AGGCAAAGCA G ATGAATTAC CAAGTCAATG GTTACCCTAA TATGTTTATC 
251 ACCCGCGAAG AAGCTATTCG TCACGTTCGT GCGTGGATTG GCTTTGATGT 
301 AGAGGGCTGT CATGCAACTA GAGATGCTGT GGGTACTAAC CTACCTCTCC 
351 AGCTAGGATT TTCTACAGGT GTTAACTTAG TAGCTGTACC GACTGGTTAT 
401 G 


primers and 

probes Am (130 bp) 


Bm (81 bp) 


Amll9F 

Am248R 

pAm221 

BmllF 

Bm91R 


pBm36 
BN IoutS2 
BN IoutAS 
BN IinS 
BN IinAS 
SARS1 
SARS2 
pSARS 


◄ H 
◄ H 



BNI 1 (190 bp) 


◄ H 
◄ H 


◄ H 


FIG. 2. (A) Sequence of Am-Bm-BNI 1 RNA packaged within 
AR-2. The underlined sequence is the Bm fragment. (B) Positions of 
primers and probes located on the Am-Bm-BNI 1 fragment. 


pies received were detected in both the multiplex real-time RT-PCR assay and 
the single-reaction real-time RT-PCR (recommended by the Chinese CDC). 


RESULTS 

Synthesis of Am-Bm-BNI 1 fragment. The Am-Bm-BNI 1 
fragment was assembled successfully using SOE-PCR (Fig. 1). 
The sequence is listed in Fig. 2A. The targets included the 
forward and reverse primer sites as well as probe binding sites 
for each of the three RT-PCR assays (Fig. 2B). The target 
sequence for influenza A virus was 130 bp in length, the influ¬ 
enza B virus target was 81 bp, and the SARS-CoV target was 
190 bp. 

Preparation of AR. AR-2 particles were detected as a fluo¬ 
rescent band migrating at about 900 to 1,000 bp compared to 
the DNA markers run on the same gel. AR-2 was resistant to 
RNase digestion. Treatment of AR-2 with DNase or RNase 
did not affect its intensity of staining or electrophoretic mobil¬ 
ity. AR-2 was also stable under many storage conditions ac¬ 
cording to analysis of the C T values of the samples. AR-2 
incubated at 4°C in oral swab fluid was stable over a 30-day 
challenge. AR-2 incubated at 37°C for 48 h and at room tem¬ 
perature for 14 days did not show any signal loss. The amount 
of AR-2 frozen at — 30°C and thawed at room temperature 12 
times had no visible loss. The stability of AR indicated that the 
packaged RNA might withstand extreme environmental con¬ 
ditions. Extraction of RNA from AR-2 by incubation at 85°C 
for 5 min had a higher efficiency than did extraction with a 
QIAamp viral RNA extraction kit. Approximately 1.0 X 10 12 
AR-2 particles could be purified from 1 ml of culture. 

Purification of AR-2. AR-2 could be electroeluted from an 
agarose gel with a GeBAflex tube. After the sample was puri¬ 
fied as an RNA-protein complex, both PCR and RT-PCR were 
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applied to the purified AR solution. Real-time RT-PCR was 
positive, and real-time PCR was negative. The results showed 
that E. coli genomic DNA and plasmid DNA had been re¬ 
moved and that only AR-2 particles were retained in the har¬ 
vested sample. 

Multiplex real-time RT-PCR detection of Am, Bm, and BNI 

1. Tenfold serial dilutions containing 10 6 to 10° copies/|xl of 
AR-2 particles were assayed in the multiplex real-time RT- 
PCR format. The detection limit of the multiplex real-time 
PCR assay was 10 1 copies/pi of AR-2, and the three genes had 
the same detection limit (Fig. 3). The single primer-probe 
reaction was compared with the multiplex primer-probe reac¬ 
tion to determine the differences in C T values. The average C T 
values for the two reaction formats did not show a significant 
difference. AR-2 (~10 4 copies) was used as template RNA, 
and the average C T values for the Am, Bm, and BNI 1 frag¬ 
ments in single primer-probe reactions were 25.92, 26.46, and 
26.95, respectively. In contrast, the average C T values for the 
multiplex format were 26.07, 26.34, and 27.15, respectively. 

Multiplex real-time RT-PCR detection of respiratory sam¬ 
ples. Using AR-2 as the EPC, the multiplex real-time RT-PCR 
was applied to respiratory samples. Among 290 respiratory 
samples, 90 samples were detected as influenza A virus posi¬ 
tive, 78 samples were detected as influenza B virus positive, 
and no BNI 1 fragment-positive samples were monitored. 
Among 80 respiratory samples, the positive rate of influenza A 
virus detection in the multiplex real-time RT-PCR format was 
37.5% (30/80 samples), and the positive rate determined by a 
commercial Biose-A-qRT-PCR kit was 38.75% (31/80 sam¬ 
ples). The positive coincidence rate for the two methods was 
96.8%. Among the other 97 respiratory samples tested, the 
positive rate of influenza A virus detection in the multiplex 
real-time RT-PCR format was 61.8% (60/97 samples), and that 
for the single real-time RT-PCR format for influenza A virus 
(recommended by the Chinese CDC) was 58.8% (57/97 sam¬ 
ples). The positive coincidence rate for the two methods was 
95.3%. 

DISCUSSION 

Most current AR are packaged with the RNA of a single 
respiratory virus. A 359-nt SARS-CoV fragment was assembled 
with viral coat proteins into a pseudoviral particle for use as an 
RNase-resistant RNA control (4). A 228-nt matrix fragment of 
avian influenza virus was packaged into AR (5). Furthermore, a 
1,200-nt RNA containing gene fragments of hepatitis C virus, 
human immunodeficiency virus type 1, SARS-CoVl, and SARS- 
CoV2 was packaged into AR (14). Influenza and SARS are both 
highly contagious respiratory diseases and can be transmitted 
easily by droplets. Influenza viruses and SARS-CoV frequently 
need to be detected in clinical respiratory samples. 

In this study, we spliced DNA fragments of three respiratory 
viruses by using SOE-PCR. This resulted in the design and 
production of AR-2 for influenza A virus, influenza B virus, 
and SARS-CoV. The multitarget approach for AR preparation 
is practical and reduces the labor and cost of quality control of 
multiplex RNA virus assays. Influenza A viruses have many 
serotypes. Sixteen subtypes of hemagglutinin (HA), HI to H16, 
and nine subtypes of neuraminidase (NA), N1 to N9, have 
been identified among influenza A viruses, with minimal sero- 




FIG. 3. Amplification of AR-2 as the EPC in multiplex real-time RT- 
PCR. The AR-2 template ranged from 1.0 X 10 6 to 1.0 X 10 1 copies/pl 
(from left to right). Water was used as a negative control. (A) Real-time 
RT-PCR curves of Bm fragment in the FAM channel. (B) Real-time 
RT-PCR curves of Am fragment in the HEX channel. (C) Real¬ 
time RT-PCR curves of SARS-CoV BNI 1 fragment in the ROX channel. 


logical cross-reactivity between subtypes (10, 17). This brings 
great difficulty to the diagnosis of influenza virus infections. In 
this study, we designed specific primers and probes to amplify 
a highly conserved region of the matrix gene, which subse¬ 
quently was packaged into AR-2. Using these primers and 
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probes, almost all influenza viruses with different serum types 
could be detected in a real-time RT-PCR format, so they were 
suitable for screening of influenza A and influenza B viruses at 
the molecular level. In the detection of SARS-CoV, most pub¬ 
lished RT-PCR assays target ORFlb of the RNA polymerase 
gene (2, 8). Therefore, a 190-nt fragment (BNI 1) was pack¬ 
aged into AR-2, and it included the primer and probe areas 
used in nested PCR and real-time PCR and covered partial 
sequences in the region of ORFlb of the SARS-CoV genome. 
For detection of small amounts of SARS-CoV RNA in a sam¬ 
ple, nested RT-PCR can be combined with real-time PCR, and 
modified nested real-time RT-PCR had a higher sensitivity 
than did routine real-time RT-PCR (20). 

The current AR purification method involves the combined 
use of gradient ultracentrifugation, column chromatography, 
and Co 2+ affinity chromatography (4, 9, 15). In this study, AR 
was purified as an RNA-protein complex and electroeluted 
from an agarose gel with a GeBAflex tube. Compared to pu¬ 
rification of AR using traditional CsCl fractionation, the 
method we used was efficient and easy to operate. 

Multiplex PCR for clinical diagnosis has a significant advan¬ 
tage, as it permits simultaneous amplification of several viruses 
in a single reaction mixture, facilitating cost-effective diagnosis. 
However, there is a lack of multiplex real-time RT-PCR assays 
to detect influenza A and B viruses and SARS-CoV. This study 
developed a multiplex real-time RT-PCR assay for detecting 
the pathogenic respiratory RNA viruses influenza A virus, in¬ 
fluenza B virus, and SARS-CoV. The multiplex real-time RT- 
PCR assay had a high sensitivity, and the detection limit of 
each channel (FAM, HEX, or ROX) was 10 1 copies/pi of 
AR-2. We used AR-2 as a standard and positive control for 
multiplex real-time RT-PCR. As a virus surrogate, AR-2 could 
provide a means of evaluating all steps of the assay. 

The advantages of AR controls include safety, stability, and 
physical characteristics that mimic the natural virus. AR-2 was 
able to be a good substitute for the three target viruses within 
the respective real-time RT-PCR assays. 
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